A new class of conceptual simulation tools, as a complement to physically based models, is becoming available to simulate the whole water cycle in urban areas for strategic planning, often involving the allocation of a great amount of financial resources. These simulation tools are required to estimate the impact of the today's decisions on the system performance over the next decades and to compare and rank different intervention strategies. To achieve this, this paper aims to build the metabolism-based modelling of a real water supply system using the recently developed 
INTRODUCTION
Urban water systems (UWS) play an important role in the great sustainability challenge of reconstructing cities (Kennedy et al. ) . An efficient future plan for sustainable use of water and other resources in a UWS needs to take into account their long-term impact on other flows in the UWS such as materials, energy and costs, in addition to the ability to meet the service goals of water supply. Some recently developed tools which have striven to attain this aim are Aquacycle developed by Mitchell et al. () as a water balance model, urban water optioneering tool (UWOT) by Makropoulos et al. () as a sustainable water management tool for selection of combinations of water-saving technologies, urban volume and quality (UVQ) by Mitchell & Diaper () as a further modified version of Aquacycle to include contaminant and energy flow, and CWB by Mackay & Last () as a city water balance model. However, none of these models can be considered as a holistic systemic perspective for: (i) analysing the main resource flows and their impacts on the future performance of UWS; (ii) examining intervention strategies for long-term planning in UWS. This approach can be envisaged through metabolism based modelling. Metabolism in UWS refers to the fluxes and conversion processes related to all kinds of water flows, materials and energy in the UWS, which are necessary to fulfil expected functions (Venkatesh & Brattebø ) . Accounting for the metabolism dynamics enables decision makers to identify the critical components which have a major impact on different sustainability dimensions. This will also allow investigation of various intervention strategies which concurrently save water, energy, chemicals and costs and also minimize negative environmental impacts. The metabolism concept calls for a systematic engineering approach to the examination, understanding and improvement of urban water services, and it offers the possibility of a well-structured quantitative analysis of how the key system characteristics are interrelated. All this approach is currently encapsulated in a recently developed concept of the WaterMet 2 model which simulates metabolism based performance of UWS over a long-term planning horizon (Behzadian & Kapelan b) . The performance indicators calculated in WaterMet 2 can also be used to support risk-based indicators which are useful for a more comprehensive analysis in UWS (Ugarelli et al. a, b) . WaterMet 2 has been developed through TRansitions to the Urban water Services of Tomorrow (TRUST), a 4 year research project funded by the European Union (www.trust-i.net/). The ambition of TRUST is to deliver co-produced knowledge to enable water utilities to achieve a sustainable future without compromising service quality. The work presented in this paper is one of the products of TRUST aimed at delivering this ambition. The paper presents the application of the WaterMet 2 model to the urban water supply system of the city of Reggio Emilia (Italy), managed by IREN Spa. This system, serving 170,000
inhabitants, is one of the demonstration case studies of the TRUST project. Therefore, this study aims to: (i) demonstrate the application of the above metabolism concept using the case study; (ii) contribute to the evaluation of the level of sustainability in the water supply system of Reggio Emilia; (iii) highlight the use of WaterMet 2 as a provider of additional information, in respect to the traditional simulation tools, to the selection process of the most appropriate intervention strategies to overcome the future strain and challenges of the water supply system. The paper is organized as follows: the main features of the WaterMet 2 model used in this study are first introduced in the next section, followed by a description of the case study of Reggio Emilia and its characteristics. 
TRUST APPROACH TO WATER SYSTEM SUSTAINABILITY
The TRUST approach to obtaining a better level of sustainability in the UWS can be summarized as follows: (a WaterMet 2 is used here as a conceptual model and tool which is able to calculate several metrics related to the abovementioned sustainability criteria in the strategic longterm planning horizon within the sustainability framework adopted in the TRUST project (Alegre et al. ) . Also note that the definition of the sustainability is extended here by including two additional domains, to take into account the assets and the governance characterizing the UWS. In the TRUST perspective, the main goal to be achieved at the strategic horizon is being more sustainable than now. Therefore, all the interventions (structural and non-structural ones) have to be aimed at this purpose. Objectives and metrics are established for a given UWS through a participate process that involves, among others, the water company, water authorities, stakeholders, research actors and several practitioners. The road map process for the UWS of Reggio Emilia and its main outcomes have been
CASE STUDY
The sustainability performance assessment of intervention According to the water utility, three intervention strategies have been identified as possible alternatives to improve the sustainability of the water supply system:
(1) the Business As Usual (BAU) state (intervention strategy 1); (2) the construction of a new pipeline, located in the northern part of the water supply system, which connects an existing water source (R4 in Figure 2 ) to Reggio Emilia, of the water distribution system to be completed in 3 years (intervention strategy 2); (3) promotion of water consumption in a long-term planning horizon by adding water reuse as an alternative non-traditional water source to allow reduction of the current pressure on groundwater resources (intervention strategy 3). Note that these intervention strategies suggested by the Water Company and experts represent different perspectives for improving the UWS reliability and resilience (Behzadian & Kapelan a) . Other intervention strategies can be proposed for this case study, such as rainwater harvesting or grey water reuse but they are derived relative to water demand or supply interventions. Intervention strategy 2 will contribute to the improvement of the service reliability and therefore the system resilience by adding the redundancy of the water sources available for the city. Also note that the newly connected water source is located in an area with redundant water resources and hence it has no impact on the water available in that area. To demonstrate the capability of the metabolism approach for providing a useful insight into future planning for the decision makers, this paper analyses and compares the sustainability performance of the water supply system for the first two intervention strategies over a 30 year planning horizon.
BUILDING THE WATERMET 2 MODEL
The geographical area of the City is represented in WaterMet 2 as a collection of SC, each of which is specified by one or more local areas (LC) according with the local physical characteristics of the area and the typology of the water users. The As water abstracted from these water sources has a high level of quality, only disinfection is needed to prepare suitable drinking water. In a few cases, a preliminary filtration process is necessary to remove particle components and minerals (R4 and partially R2 The real conceptualized scheme of the water supply system can be represented in Figure 3 necessary to build the metabolism model, the capacity of each element of the system needs to be specified. The water capacity of each element is given in WaterMet 2 as the maximum water volume per day which each element is able to transfer/treat/ store. These capacities can be specified with the aid of physically based models. In this study, the capacity of elements was estimated by using the physical characteristics and corresponding flow rates calculated by the EPANET model of the case study and allowable flow velocities (Rossman ).
Thus, capacities of water mains were estimated by assuming the maximum flow velocity of pipeline (1.8 m/s) as the limiting factor and taking into account trunks connecting more than one SR (i.e. L6 in Figure 3(a) ). WTWs and water supply conduits were assumed to be large enough to treat the entire water inflow volume. Also no limitation was assumed here for groundwater abstraction over the planning horizon.
Finally, the water flows in the built WaterMet 2 model are calibrated with the results obtained from the corresponding EPANET model.
Water allocation coefficients between the components in the WaterMet 2 model for the BAU (strategy 1) are given in Table 2 . In this strategy, SC 1 (Reggio Emilia) receives water from the three upstream service reservoirs (SR1, SR3 and SR6) and hence the relevant water allocation coefficient from SR2 is zero in the table. However, by connecting SR2
to Reggio Emilia in strategy 2, it is assumed that the water main L12 (Figure 3) 
RESULTS AND DISCUSSION
The built WaterMet 2 model was used to simulate the two aforementioned intervention strategies (i.e. strategy 1 and 2) under three scenarios of future population growth depicted in Figure 1 for a 30 year planning horizon. Figure 4 shows some of the calculated performance metrics for the BAU and hence it is less likely to have a high impact on the results.
For a more accurate analysis the estimation of the real water availability needs to be introduced in the model. It is seen that the intervention strategy 2 outperforms the intervention strategy 1 with respect to the two selected metrics (GHG emission and total energy); this is so despite the fact that implementing strategy 2 entails a more powerful pumping station in R4, as the overall hydraulic configuration is energetically more favourable for strategy 2. More specifically, Table 3 reports the cumulative differences between strategy 1 and strategy 2 in terms of three selected performance indicators (GHG emissions, total energy and cost) at some specific time horizons In this study, two intervention strategies, both compatible with the hydraulic constraints, have been compared with two selected metrics. The results show that strategy 2 weakly outperforms strategy 1 in terms of energy and GHG emissions. Moreover, strategy 2 may be more preferred as it provides an additional water source for the Reggio Emilia sub-catchment (SC1). This issue needs to be further investigated by a comprehensive risk analysis between these two strategies to reveal the effects of redundant capacity provided to the Reggio Emilia SC.
It should be noted that the intervention strategies evaluated here are not for the purpose of hydraulic/mechanical performances only but they can effect all the domains of sustainability. As a result, reduction of operational costs will impact the economic domain, the GHG emissions level will affect the environmental domain, while the improvement of reliability will impact the social aspects.
All these obtained impacts on the infrastructure are within the governance domain. The set of differences between the correspondent metrics calculated for intervention strategies in respect to the BAU scenario, provide a measure of the sustainability improvement.
CONCLUSIONS
The paper describes the application of a metabolism model, WaterMet 2 , to the water supply system of Reggio Emilia. This, in turn, can assist water authorities to verify the suitability of selected intervention strategies and to make more informed strategic decisions. Although the results could compare some aspects of the sustainability performance in the two analysed strategies, they cannot, at the current stage of work, be used to make any real decisions. To obtain a robust solution, the current model still needs to be further developed, tested and evaluated for multiple performance indicators including risk type ones as well as different intervention strategies. Finally, incorporating the analysis into a comprehensive Multi Criteria Decision Analysis will improve the comparison of the impact of scenarios of change on more dimensions of sustainability than the few included in this example, and support even better decision makers.
